The factors that affect oviposition and consequently spatial distribution of the galls of many gall makers are poorly understood. Knowledge of these factors could result in a better understanding of the mechanisms that initiate and regulate the development of galls. We tested the hypotheses that, regardless of tree height, galls of Cynips quercusfolii L. produced agamically are distributed randomly in the crowns and on the veins of leaves of oak trees. This study was done in Poland on 15 pedunculate oak (Quercus robur) trees of various heights. We measured the areas of 1659 leaves, including 192 leaves with galls, and the distances along a vein from a gall to the petiole and from gall to leaf edge. The number of galls did not depend on tree height but depended on the position of the leaf within the crown (upper or lower). Regardless of the position in the crown, leaves with galls were significantly larger than those without galls. We conclude that galls were located at a fixed distance from the edge of leaves irrespective of leaf size, but the distance from the gall to the leaf petiole depended significantly on leaf size. We conclude that agamic females of C. quercusfolii prefer large leaves and choose the site on a leaf on which to deposit their eggs. This probably ensures that the developing gall obtains the required amount of nutrients and assimilates.
INTRODUCTION
Trees of the genus Quercus (Fagaceae) host numerous insect species that form galls, however, the biology of gall-forming insects and their interactions with host plants are still poorly understood. Oviposition and the development of galls can depend on many factors, such as phenology of the host species (Karban, 2007; Hood & Ott, 2010) , diversity and quality of food (Horner & Abrahamson, 1992; Abrahamson et al., 2003; Kuczynski & Skoracka, 2005; Nyman et al., 2011) , risk of parasitism and predation (Sitch et al., 1988; Poff et al., 2002) and over wintering site (Skuhravy & Skuhrava, 1996) . The location of galls on leaf surfaces is related directly to oviposition, but the factors that affect the choice of oviposition site by females remain unresolved. Describing spatial distribution patterns of the galls is a necessary first-step in identifying and investigating possible factors that determine oviposition and hence fitness of the gall-forming insect. Kampichler & Teschner (2002) presumed that poor knowledge of basic ecological factors determining the spatial patterns of common gall-formers results from the limited possibilities for collecting data from the crowns of trees. We analyzed all of the leaves on several oaks in order to determine the spatial distribution of the galls of the agamic generation of the oak gall wasp Cynips quercusfolii L. (Hymenoptera: Cynipidae). This species has a heterogonic life cycle (Folliot, 1964; Pujade-Villar et al., 2001) . In central Europe, the first (agamic) generation females appear in late autumn or winter and oviposit in dormant lateral buds of oak (Kolk et al., 1996) . In spring small red galls grow from these buds. Second generation females and males emerge from these galls in early summer (June). Soon after their emergence, the females insert fertilized eggs into the veins on the underside of oak leaves, which develop in summer into large spherical galls with a single chamber. Galls with pupae or mature females fall with the leaves in autumn (Kolk et al., 1996) .
The spatial distribution of C. quercusfolii galls with respect to the level within the crowns of trees and location on leaves is unknown. Some information on gall location is given by Zargaran et al. (2011) , who showed that geographical location within crowns of trees had a significant influence on gall size. Larval survival is greater in large than small galls because they provide a greater supply of food and better protection against enemies. We tested the hypotheses that: (1) galls produced by the agamic generation of C. quercusfolii are evenly distributed in the upper and lower parts of the crowns of oak independently of tree height, (2) occurrence of galls is not related to the size of the leaves and (3) the distribution of galls on surfaces of leaves is random.
MATERIAL AND METHODS
This study was carried out in a forest complex in Central Poland (51°48´N; 17°06´E) in four stands of pedunculate oak (Quercus robur L.) trees of various ages (37, 50, 79, and 95 years old) in the middle of July 2008. In each stand, eight trees had been cut down for other purposes, which presented the opportunity to examine all the leaves from the tree crowns. Galls of Cynips quercusfolii were found on almost half of the trees, and for this research we used 15 trees of different ages (37 -2 trees; 50 -8 trees; 79 -2 trees; 95 -3 trees). The heights of the trees were measured and grouped (five trees per class) into three height classes -(a) < 16 m, (b) 16-20 m and (c) > 20 m (means and standard deviations for each class were 14.6 ± 0.8 m; 16.8 ± 0.4 m; 24.3 ± 1.7 m, respectively). To divide the crowns into upper (exposed leaves) and lower (shaded leaves) levels, we measured SLA (specific leaf area -cm 2 /g) at 5-9 positions in the crown depending on tree height. SLA is a very good indicator of light conditions experienced during leaf growth (Poorter, 2001) . We did not confirm this relationship in this study, but based on this assumption, we classified leaves with a SLA less than the average as from the upper crown and those with a SLA greater than average as from the lower crown.
All the leaves from the trees were removed and weighed. All leaves with galls (N = 192) that were produced by agamic females of Cynips quercusfolii were identified and also weighed. More than one gall was found on only two leaves. These leaves were retained in the analysis, but the smaller gall was omitted from the data. We also observed a few cases of galls of other species [Cynips longiventris Htg. or Neuroterus quercusbaccarum (L.)]. Due to the small number of galls of other species, we did not include interspecific competition as a factor in the analysis. Some of the leaves without galls (at least 100 g of fresh mass from each part of the crown; 5-9 samples per tree) were weighed, dried at 65°C, and then weighed again in order to determine the total dry mass of leaves. To determine the area of 1659 leaves (72-192 per tree), including the 192 leaves with galls, and the distances (Fig. 1 ) along the vein from gall to leaf edge (A) and from gall to petiole (B + C), we used WinFolia Pro software (Regents Instruments Inc., Quebec, Canada). We used a calibrated scanner and WinFolia software to measure automatically the lengths (A, B and C) that were previously marked on the scanned leaves. Moreover, we recorded the number of particular veins with a gall (the first vein refers to the vein next to the petiole). In order to test the hypothesis of a random distribution of galls on the veins of oak leaves, we counted the number of veins on the leaves with galls, recorded the location of the galls and used a chi-square test to verify statistical significance (2 × 8 contingency table and log-likelihood ratio analysis).
Mixed model ANOVA was used to analyse the influence of tree height, crown position, and interaction between them on the number of galls. The number of galls is the sum for leaves from the upper or lower part of the crown of a tree. Trees were nested within a tree height class. Tree height class and crown position effects were considered to be fixed and the tree effect was considered to be random. Data was analyzed using Shapiro-Wilk test to test the assumption of normality. The Restricted Maximum Likelihood method was used for estimating the components of variance. Linear regression was used to characterize the relationship between leaf area and location of a gall on a leaf surface. The chi-squared test was used to compare the observed results of galls on particular veins with the expected results based on frequency of veins. To analyse the relationship between the leaf area (independent variable) and the presence of galls (dependent variable), we used simple logistic regression with outcome defined as 1 -presence of gall on leaf, 0 -lack of galls on leaf. For all statistical analyses JMP 7.0.2 (SAS Institute Inc. Cary, NC, USA) was used.
RESULTS
Only a small percentage of the oak leaves in this study had a gall. On the basis of the comparison of the total leaf mass of a tree and the mass of leaves with galls, we calculated that only 0.42% (0.05-1.56%) of the leaves had galls (mean value for 15 trees). The number of galls did not differ significantly among the three height classes ( Table 1 and 2) but did differ depending on the position within the crown with more galls in the upper, well-lit part of oak tree crowns. Furthermore, we noted a significant statistical interaction between the influence of crown position and tree height on gall presence. In trees of the middle height class, significantly more galls were located in the upper than in the lower part of the crown.
Regardless of their position within the crown, leaves with galls were significantly larger than those without (Fig. 2) . Simple logistic regression analysis indicated a significant relationship between the presence of a gall and leaf area [y = e a+bx /(1+e a+bx ); x = leaf area, y = gall presence, a = 2.50, b = -0.01;  2 = 9.72; P = 0.002].
The galls of C. quercusfolii were always located on the lateral or main veins on the under-surface of leaves. The leaves of Q. robur had 2-7 lateral veins and the majority of galls were on the second and third veins from the petiole (Fig. 3) . The results refute the hypothesis that galls are distributed randomly on leaves (N = 1874 veins; DF = 7;  2 = 107.0; P < 0.0001).
Analysis of the location of C. quercusfolii galls (N = 192) on the leaves of pedunculate oak indicated that the galls were located at a fixed distance (2.36 ± 0.7 cm) from the leaf edge. This distance was only slightly dependent on leaf area because only 6% of the variation in this feature can be explained by the size of the leaves (Fig. 4A) . Meanwhile, the distance from the gall to the leaf petiole depended significantly on leaf size (r 2 = 0.43; P < 0.0001; N = 192) (Fig. 4B) . The fact that the distances between galls and leaf edges were almost uniform in comparison with other parameters of the location of galls on leaves resulted in a low coefficient of variation for this variable (Table 3) .
DISCUSSION
Identification of the factors that determine the distribution of galls on particular host species is difficult given their rarity. In general, the percentage of oak leaves with galls is small. They do not have a negative influence on host population dynamics and rarely arouse interest in terms of research into the effects of insects on plants. However, occasionally, the damage caused by a gall can reduce plant performance (Madziara-Borusiewicz, 1982; Kato & Hijii, 1997; Dhileepan & McFadyen, 2001 ). In the present study, the small number of galls found (on < 0.5% of the leaves) suggests a low effect on the host trees. This species of wasp is also reported to be uncommon in Southern Poland (Skrzypczyńska, 1994) . There is a lack of published information on the fecundity of agamic females of C. quercusfolii, however, in view of the findings for other cynipid wasps it is likely that the females lay at most several hundred eggs (Sanderson, 1988; Shorthouse, 2010) .
Our results did not support the hypothesis that galls are distributed evenly in crowns of trees as there were more galls in the upper parts of crowns. The distribution of galls can be influenced by many factors, including the availability of resources and the presence of natural enemies (Williams et al., 2001) . The influence of resource availability can be explained by the ideal free distribution hypothesis (Fretwell & Lucas, 1970) , which predicts that the distribution of animals among patches of resources will minimize resource competition and maximize fitness, whereas the influence of enemies can be explained by the enemy free space hypothesis (Jeffries & Lawton, 1984) .
The fact that gall wasps only use a small percentage of the available foliage could suggest that their sparse distribution reduces the extent to which they are affected by predators and parasites. However, parasitism of galls is very common, often reaching 60-80% depending on the species of wasp (Eliason & Potter, 2001; Csóka et al., 2004; Joseph et al., 2011) . Parasitism is thus an important factor that can influence the size of populations of organisms that can initiate galls (Askew, 1961) . In the case of insect-produced galls on oaks, more than 10 parasitoid and inquiline species can coexist with the developing insects (Sanver & Hawkins, 2000; Redfern, 2011) .
The plant vigour hypothesis predicts that female insect herbivores prefer to oviposit on more vigorous plants or plant parts in order to achieve higher offspring performance (Stone et al., 2002; Santos et al., 2011) . Large leaves are often preferred by gall-forming females (Larsson, 1989) , but this might simply be due to large leaves constituting a greater percentage of the total leaf area than small leaves (Gripenberg et al., 2007) and such a choice is not always beneficial for the performance of the offspring. In the case of the leaf-galling sawfly Pontania sp. on Salix sp., larval survival is best in small leaves (Clancy et al., 1993) . The results of the present study indicate that agamic females choose large leaves for oviposition. In June, when the females lay eggs, the leaves are at their maximum size (Wesołowski & Rowiński, 2006) . Oak leaves varied markedly in area, with a coefficient of variation of almost 50%, so the choice by females of the larger leaves of those available at a given location was unlikely to have occurred by chance. Our results might indicate that offspring have a greater chance to complete their development when in a large leaf. Even if the leaf is damaged by other herbivores, the probability that the gall will be affected is lower than on a small leaf.
Moreover, the galls were not located at random on leaves. The preference for the middle veins of leaves identified in this study is similar to that found by Sitch et al. (1988) in a study of a different gall wasp, Cynips divisa. The location of the particular site at which the eggs are laid on leaves is a key determinant of the survival and fertility of the offspring (Sitch et al., 1988) . The choice by females of ovipositing in central veins could be similar to its choice of large leaves. Middle lobes of oak leaves are usually the largest, implying high inflow of nutrients and assimilates (Zwieniecki et al., 2002; Scoffoni et al., 2011) , which is especially important in the initial stage of gall development (Harris & Shorthouse, 1996) . The surprising finding of an almost constant distance between the gall and the leaf edge ( Fig. 3 ) may be explained by both the need to ensure a proper flow of nutrients and assimilates and probably by the mechanical properties of veins (e.g., optimal vein thickness for gall).
CONCLUSION
In summary, we show that the galls of C. quercusfolii are not evenly distributed in the crowns of oak trees and are more common in the upper part of the crown, especially in trees of medium height. Agamic females prefer large leaves and precisely choose the location on a leaf where to lay their eggs. This probably ensures that the developing gall obtains the required amount of nutrients and assimilates. 3. Mean, standard deviation (SD) and coefficient of variation (CV) of oak leaf area and distances between gall and leaf edge (A), gall and main vein (B), petiole and base of vein with gall (C) and data derived from calculations of other parameters.
